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(54) Title: METHOD AND APPARATUS FOR EXPANDING A UNER PATCH 
(57) Abstract 

A method of isolating a section of downhole tnbing comprises: nmning 
a length of expandable Uibing (20) into a tubing-lined borehole (12, 14) and 
positioning the expandable abing (20) across a section of tubing to be is(4ated; 
defoiming at least portions of the expandable tubing (36, 40) to ioocase tibe 
diameter of the pcHtions to sealingly engage the tubing (1^ and to isolate the 
tubing section. 



BEST AVWLABUE 


FOR THE FUXPOSES OF INFORMATION ONLY 


Codes used to identify States paity to the PCT on the frant pages of pamphlets publishing international applications under the PCT. 


AL 

AlMOlU 

BS 

Spain 

LS 


SI 

Stovma 

AM 

Atinenbi. 

PI 

PmbMi 

LT 


SK 

Slovakia 

AT 

Autri* 

FR 


LU 


SN 

Senegal 

AV 

Autnlia 

GA 

Gaboa 

LV 


SZ 

Smdlaad 

AZ 

Axcttei|n 

GB 

UniiBd Kinytoii 

MC 


TD 

CIlMl 

BA 

BoBila ml Hcm^ovina 

GB 

Oeoriia 


RcpobUc of Moldova 

TG 

Tbgo 

BB 

BMttdos 

CH 

Ofaasa 

MG 

MadafMcar 

TJ 

Thpkittan 

BE 

Bets RUB 

Ol 


MK 

Hb fciaitr Yiisoalcv 

TM 


BF 

Bvkisi Rtto 

GR 

OfttCB 


Repablfe of Maoedooia 

TR 


BG 


HU 

lluttSAiy 

ML 

Mali 

XT 

"Mnidad and Tobago 

RJ 

Benin 

IE 

InfaBd 

MN 

Mofigolia 

UA 

Ukraine 

BR 


IL 

land 

MR 

Mauiltania 

IJG 

Uganda 

BY 

Betntu 

IS 

Iceland 

MW 

Malawi 

US 

Ufdted Sues of America 

CA 

Cuada 

IT 

Uy 

MX 

Mexico 

UZ 

Uibd^iittii 

cr 

CnRnl African BcpabBc 

JP 


NB 


VN 

VinNn) 

oc 

Svrittciland 

KB 

Kenya 

NL 


YU 

YososUvia 

CH 

KG 

Kyruzstan 

NO 

Nocwsy' 

ZW 

Zimbabwe 

a 

Cted*Hote 

KP 

DcnioHidc PcoplB** 

NZ 

NevZeabod 



CM 

Cameion 


Republic of Korea 

rL 

Fbbnd 



CN 

Qutta 

KR 


FT 




cv 

Cuba 

KZ 


BO 

Rmaina 



cz 

CzBcb Republic 

LC 

Safait Locxa 

W 

Roiaiaii BsdcnBioii 



DE 

OcfiBaay 

U 


SD 

SodBD 



DK 

DenaaA 

LK 

SriLinkft 

SB 

Smdco 



EB 

Eatonia 

UK 

Ubcfia 

86 

SMsapore 




^000/37768 


1 


PCT/GB99AM247 


METHOD AND APPARATUS FOR EXPANDING A LINER PATCH 

This invention relates to a straddle, and in 
particular a straddle for use in selectively isolating a 
section of tubing. The invention also relates to a method 
of isolating a section of tubing. 
5 In the oil and gas esqploration and production 

industries, subsurface hydrocarbon-bearing formations are 
accessed via casing-lined wellbores. The lower section of 
a bore, which intersects the hydrocarbon-bearing formation, 
is typically lined with perforated "liner", oil and gas 

10 flowing into the bore through the perforations. The 

location of the perforations is predetermined on the basis 
of surveys, to ensure that only selected formations are in 
fluid communication with the bore. Over the life of a well 
it may occur that the properties of particular formations 

15 chcuige, for example the pressure in a formation may fall, 

or a foinnation may begin to produce an unacceptably high 
volume of water. In these circumstances it is known to rxin 
straddles into the liner, these straddles being sections of 
tubing with sealing arrangements at either end. A straddle 

20 may be located within the section of liner intersecting the 
problem formation, and the seals then set to isolate the 
section of liner between the seals. However, existing 
straddles are problematic to set, and the requirement to 
accommodate the seals and a seal setting mechanism result 
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in a significant loss in bore cross section, which reduces 
the production capacity of the well and also makes it more 
difficult to access the section of well beyond the 
straddle. 

5 It is among the objectives of embodiments * of the 

present invention to provide an inqproved straddle which 
obviates or mitigates these difficulties. 

According to the present invention there is provided 
a method of isolating a section of downhole tubing, the 
10 method comprising: 

running a length of expandable tubing into a tubing- 
lined borehole and positioning the e3q)andable tubing across 
a section of tubing to be isolated; and 

defozming the expandable tubing by increasing the 
15 diameter of at least portions thereof to sealingly engage 

the tubing and to isolate said section. 

According to another aspect of the present invention 
there is provided apparatus for use in isolating a section 
of tubing -lined borehole, the apparatus comprising: a 
20 length of e^andea>le tubing; and an expander device 

including a radially extendable member for deforming at 
least portions of the expandable tubing to increase the 
diameter of said portions to sealingly engage a section of 
tubing to be isolated. 
25 Preferably, the expandable tubing is deformed by 

compressive plastic deformation or yield of the tubing and 
a localised reduction in tubing wall thickness with a 
subsequent increase in tubing diameter. Conveniently this 
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is achieved by rolling expansion, that is the expander 
device is rotated within the expandable tubing with an 
expander member in rolling contact with an inner face of 
the esqpandable tubing. 
5 The deformation of the expandable tubing preferably 

creates an annular extension. This annular extension may 
extend over all or a substantial portion of the expandable 
tubing, or may be restricted to a selected portions of the 
expandable tubing on either side of the section of tubing 
10 to be isolated. The former arrangement will be more 
secure, but would be more difficult to remove from the 
tubing . 

The tubing lining the bore may be casing or liner, or 
may be secondary tubing, such as production tubing itself 
15 positioned within a section of casing or liner. 

The e3q>andable tubing may include relatively ductile 
portions corresponding to the portions of the tubing to be 
expanded. These portions may be welded or otherwise 
secured to portions of less ductile tubing. 
20 The expandable tubing is preferably initially 

cylindrical . 

Preferably, the e}q>ander device comprises a body 
carrying a plurality of expander roller members. Most 
preferably, a plurality of the expander members are 
25 radially extendable. Preferably, the expander members are 
fluid activated, for exainple the members may be operatively 
associated with a piston. In one embodiment, the members 
may be mounted on respective radially movable pistons and 
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in other ernbodiments the members may have tapered ends for 
engaging cones or wedges coupled to an axially movable 
piston. 

The expandable tubing may carry seal bands on an outer 
5 surface thereof. The seal bands may con?>rise at least one 
of an elastomeric seal and a band of relatively ductile 
metal, such as copper or a tin/lead alloy. 

The e^qpandable tubing may carry grip bands on an outer 
surface thereof. The grip bands may comprise relatively 
10 hard elements, such as balls, chips or grains, held in a 

matrix, whereby the elements bite into the relatively soft 
material of the tubing and the expandable tubing on 
deformation of the expandable tubing. In other embodiments 
the relatively hard elements may be in a form other than 
15 bands. 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
accompanying drawings, in which: 

Figures 1 and 2 are schematic sectional views of a 
20 straddle setting operation in accordance with an embodiment 
of an aspect of the present invention; and 

Figure 3 is a schematic sectional view of a straddle 
in accordance with another embodiment of the present 
invention. 

25 Reference is first made to Figure 1 of the drawings, 

which illustrates a straddle 10 in accordance with an 
embodiment of the present invention located in a section of 
a drilled bore 12 lined with perforated steel liner 14. 
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The straddle 10 has been nm into the bore 12 and will be 
utilised to isolate a section of the bore 12, in particular 
a particular formation 16 which is in fluid comraunication 
with the bore via perforations 18 in a section of the liner 
5 14. 

The straddle 10 con^rises a section of expandable 
tubing 20 carrying seal bands 22 of relatively ductile 
metal at each end, and also grip bouids 23 comprising small 
elements of relatively hard material in a relatively 

10 ductile matrix. The tiibing 20 defines a solid wall and is 
of slightly smaller outside diameter than the liner 14, 
Initially, the tubing 20 is of substantially constant 
diameter along its length. The ends of the tubing 20a, 20b 
and formed of relatively ductile metal and are welded to a 

15 central t\ibing section 20c. 

The straddle is run into the bore 12 on a tool string 
26, and is mounted to the string 26 via an expander device 
28 moxinted to the lower end of the string 26. The e3q>ander 
device 28 comprises a body 30 carrying three radially 

20 movable rollers 32. The body 30 also contains an axially 
movable piston which is coupled to a loading cone which 
cooperates with the tapered ends of the rollers 32. 
implication of elevated fluid pressure, via the tool string 
26, thus urges the rollers 32 radially outwardly. Shear 

25 pins 34 couple the straddle 10 to the e^qpander body 30. 

In use, the straddle is run into the bore 12 on the 
tool string 26 and positioned across the group of 
perforations IB to be closed off from the bore. Pressure 
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is then applied to the expander 28 to activate the rollers 
32; an initial application of elevated pressure causes the 
rollers 32 to extend radially, and deforms the tubing 20, 
towards a triangular form, such that the areas of tubing 20 
5 adjacent the rollers 32 are pushed into contact with the 
iiuier surface of the liner 14. This initial contact is 
sufficient to prevent relative rotation between the 
straddle 10 and the liner 14, such that when the string 26 
and the expander 28 are rotated from surface the straddle 

10 10 is held relative to the liner 14 and the pins 34 shear. 

The expander 28 then rotates within the straddle 10 with 
the rollers 32 in rolling contact with the inner wall of 
the tubing 20, The rollers 32 are urged outwardly and 
progressively compress the toabing wall to create a 

15 localised reduction in wall thickness, and a corresponding 

increase in wall diameter. There is thus created a annular 
section of increased tubing diameter 36 at the tubing end 
section 20a, as shown in Figure 2, which provides an 
interference fit with the surrounding liner 14, the sealing 

20 bands 22 being deformed to form a fluid-tight seal between 
the expanded tubing 36 and the liner 14. The hard material 
in the grip bands 23 also assists in keying the tubing 
section 36 to the liner 14. There may be a degree of 
elastic and even plastic deformation of the liner 14, which 

25 will serve to provide a more secure location for the 
straddle 10. 

Following creation of the annular extension 36, the 
pressure in the tool string 26 is reduced such that the 
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rollers 32 may retract. The expander 28 is then advanced 
towards the lower end of the straddle 10, and engages a 
stop 38 provided on the lower end of the tubing 20. The 
pressure in the tool string is then increased once more to 
5 actuate the rollers 32, and the expcuider 28 is rotated to 

create a second annular section of increased diameter 40. 

The expcuider 28 may then be deactivated cuid retrieved 
from the bore, leaving the straddle 10 locked in place in 
the bore, and serving to isolate the formation 16 from the 
10 bore. 

To remove the straddle 10, the locking and sealing 
sections 36, 40 au:e milled out, and the remaining section 
of tiabing then removed. 

In other embodiments, the increased diameter sections 
15 36,40 may be formed simultaneously, by provision of two 

expanders located one at either end of the straddle. 

Reference is now made to Figure 3 of the drawings, 
which illustrates a permanent straddle 50 in accordance 
with another embodiment of the invention locked and sealed 
20 in a bore 52. The straddle 50 is located in a 

substantially similar manner to the straddle 10 described 
above, however the straddle tubing 54 has been deformed 
along its whole length, such that there is a much larger 
area of contact between the tubing 54 and the surrounding 
25 liner 56, and a smaller loss in cross-section in the liner 

56 from the provision of the straddle 50. 

Those of skill in the art will recognise that the 
above described embodiments of the present invention 
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provide straddles which are relatively simple in 
construction and installation and which avoid many of the 
problems associated with prior art straddles featuring 
slips and energisable elastomer seals. 
5 Those of skill in the art will also recognise that the 

embodiments described herein are merely exemplary and that 
various modifications and inqprovements may be made thereto 
without departing from the scope of the present invention. 
For example, the above described embodiments are shown 

10 isolating sections of formation from a bore lined with 

perforated liner. In other embodiments, the straddle may 
be utilised to repair damaged tubing, including risers, 
casing, liner or production tiibing. The straddle may be 
run in on any suitable form of tool string, including 

15 reeled supports such as coiled ttibing, when the straddle 
will be provided in combination with a downhole motor for 
rotating the expamder 28. 
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1. A method of isolating a section of downhole tiibing, 
the method comprising: 

running a length of expandable tubing into a tubing* 
5 lined borehole and positioning the e3q>andable tubing across 
a section of tiibing to be isolated; and 

deforming at least portions of the expandable tubing 
t:o increase the diameter of said portions to sealingly 
engage the tubing and to isolate said section. 

10 2. The method of claim 1, wherein the expandable tubing 
is deformed at least in part by con^ressive plastic 
defoinnation creating a localised reduction in tubing wall 
thickness with a subsequent increase in tubing diameter. 

3. The method of claim 2, wherein the deformation is 
15 achieved by rolling expansion, that is an expander device 

is rotated within the expandable tubing with an expander 
member in rolling contact with an inner face of the 
expandcible tubing. 

4. The method of any of the preceding claims, wherein the 
20 deformation of the expandable tubing creates an annular 

extension. 

5. The method of claim 4, wherein the annular extension 
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extends over a substantial portion of the expandable 
ttibing . 

6. The method of claim 5, wherein the annular extension 
extends over selected portions of the e3q)andable tubing on 

5 either side of the section of tubing to be isolated. 

7. The method of any of the preceding claims, wherein the 
e3q>andable tubing includes relatively ductile portions 
corresponding to the portions of the tubing to be ea^cuxded. 

8. The method of any of the preceding claims, wherein the 
10 e^^andable tubing is initially cylindrical. 

9. The method of any of the preceding claims, wherein the 
expandable tubing is deformed by means of an ejqjander 
device comprising a body carrying a plurality of expander 
roller members. 

15 10. The method of claim 9, wherein a plurality of the 
expander members are radially extendable and the expander 
device is rotated to deform the expandable tubing. 

11. The method of any of the preceding claims, wherein 
seal bands are provided on an outer face of the expandable 
20 tubing and are compressed between the deformed portions of 
the expandable tubing and the surrounding tubing. 
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12. The method of any of the preceding claims, wherein 
grip bands comprising relatively hard elements are provided 
on an outer face of the expandable tubing and engage 
between the deformed portions of the expeUidsODle txibing and 

5 the surrounding tubing. 

13. i^paratus for use in isolating a section of tubing- 
lined borehole, the apparatus cotrprising: a length of 
expandable tubing; and an expander device including a 
radially extendable expander member for deforming at least 

10 portions of the expandable tubing to increase the diameter 
of said portions to sealingly engage a section of tubing to 
be isolated. 

14. The apparatus of claim 13, wherein the expander member 
is rotatably mounted and the expander device is adapted to 

15 be rotatable within the e^qiandable tubing with the expander 
member in rolling contact with an inner face of the 
expandable txibing. 

15. The apparatus of claims 13 or 14, wherein the 
expandable tubing includes relatively ductile portions 

20 corresponding to the portions of the tubing to be expanded. 

16. The apparatus of claim 13, 14 or 15, wherein the 
expandable tubing is cylindrical. 


17. The apparatus of any of claims 13 to 16, wherein the 
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expander device comprises a body carrying a plurality of 
expander members in the form of rollers. 

18. The apparatus of any of claims 13 to 17, wherein a 
plurality of the expander members are radially extendable. 

5 19. The apparatus of claim 18, wherein the expander 
members are fluid activated. 

20. The apparatus of any of claims 13 to 19, wherein the 
expandable tubing carries seal bands on an outer surface 
thereof . 

Id 21. The apparatus of any of claims 13 to 20, wherein the 

expandable tubing carries grip bsuids on an outer surface 
thereof . 

22. The apparatus of claim 21, wherein the grip bands 
comprise relatively hard elements held in a matrix, whereby 
15 the elements bite into the relatively soft material of the 
tubing and the expandable txibing on deformation of the 
expandeUble tubing. 


WO00/3776S 


PCT/GB99y04247 



SUBS I il UTE SHEET (RULE 2Q 


wo 00/37768 


PCT/GB99/04Z47 


2/2 



SUBSTITUTE SHEET (RULE 26) 


INTERNATIONAL SEARCH REPORT 


PCT/6B 99/04247 


CLASSffCATKM OF SiaiECT HATTCR 

PC 7 £21629/10 


Aeoonttigteiit»tnailonaiPaiMtClaaaWctftonOK?torttboftnaa^^ 


8. FKLOdSEARCHeO 


MWmwn dDc w i w*M lu i> reho d (ctoWcaiton vgitam t D D owd by c<—tfflrHl on tyn^fc) 

PC 7 E21B 


E)oeimmlitbn«MfthMlottMrthanminlmumdoeu^^ InDMfMdiaMrchtd 


a DOCUMENTS CONSOER01O BrmfVANT 


us 5 014 779 A (MELIN6 KONSTANTIN V 
AL) 14 Nay 1991 (1991-05-14) 
column 4, line 12-28; figure 2 


US 3 785 193 A (KINLEY H ET AL) 
15 January 1974 (1974-01-15) 
abstract; figures 1-3 


US 2 627 891 A (P.B. CLARK) 
10 February 1953 (1953-02-10) 
figure 1 

US 2 214 226 A (A. ENGLISH) 
10 September 1940 (1940-09-10) 
figure 5 


ET 


1-5,8 


9,10 

1.2,4,5. 
8 

13,14, 
16-18 

9,10.13, 
14,16-18 


1,2.4-6. 
8 


-/- 


13 


Further documctetf* Mod in th» oonttnualtonof boxC 


j Pcttrttainaf imntMmmlstodinannox. 


*Sp»ctelc1» oort Mci<dfddo a jn w rt > : 

"A* dowwrt daftnfcTg \hm ytwal tUf o> th» wt wWch It not 
caniMvmd to b« of paitlcMlar r»imno» 
MftlordooumeittUpublWwdonoraltarttio In to m lto rwl 
fUnodato 

dooumoftwNchmaytrrowdoiirtaonpitQrty clafeTi(«)or 
wMoh to Gttod to MtabUsh Dm piJbOcaOon dato of ■nolhw 
cUtton or ethor ipoctal mson (•» tpodnod) 
XT dott iw an l wfonlno*P«noHidtoclo>urB.U80. oxtibmonor 


T tatordooumoftptMlDnedantrmo IntonwnoniiRBrMd^ 
orpiloitydateandnollnoonflclwihiho applcatenbu 
J to MMtand «ho prtne^to or IhMcy wxMyino tho 


*P* tttomrtf piMflhodprlortomolnlomaslona} fBingdatabm 
toiar thantfio pnorty data dAlmod 


-X- docunonto«p«tlcU»roiovanco;tlioclaliTMd InvMtion 
catwiot bo considojod novol or cannot bo consktorod to 
IrwohroantRvorttMalapwttonttwdocunMrtto talcanalono 

•y dooumortofpai1lcularretovanc«;thodahnod kiwortloo 
cannoibOGOnBMoiodtolrwolvtanlrivonttro atspwhanthe 
dDOmnitocoiAbMwKhonaormoraolhor auchdMM- 
monta««udioonnbMionboinBobvlou»toa pononflkOM 
inmaait 

ctocunortmofTtwrcf moaamopalarillamBy 


Oaio of tho actual oompiatton of tha Momattonal seaidi 

24 February 2000 


Oato of malBng of tho Mamattonal ooaioh foport 


03/03/2000 


oimaiSA 

EiaopMn Ptfam OlBoa. P.a 5616 Paiif«aan 2 
NL-22aOHVR|B«rf|c 
TdL (^-70) 340-2040. T& 31 051 ape nl. 
F«JC (^-70) 340-3016 


Authorttodottlcor 


Schouten, A 


Ftoon PCU6M810 (aMond #MaO (Jkijp ma) 


page 1 of 2 


INTERNATIONAL SEARCH REPORT 


PCT/6B 99/04247 


a(ContSmalloo) 00CU1IEHT8 CON8KJia> TO BE R&EVAMr 

Catageiy * 

Ctrtiao et doounMnl »th MtoaOoawfMf* ipprapita& of n* mlwM paasagM 

RttowantlocliknNa 

X 

US 3 191 677 A (M.H. KINLEY) 
29 June 1965 (1965-06-29) 
cUlB 1: figure 7 

1.2.4.5, 
8 

X 

US 3 167 122 A (H.N. LANG) 
26 January 1965 (1965-01-26) 
column 2, line 17-25; figures 2,3 

1.2.4.5, 
8 


page 2 of 2 


INTERNATIONAL SEARCH REPORT 


M dom AppOcsilM No 

PCT/6B 99/04247 


Pfttom docuniont 


PubScaflon 

Patent tamSy 

PubScaHon 

cttBd in 66AfCh report 


date 

nMinber(8) 


us 5014779 

A 

14-05-1991 

CA 

1322151 A 

14-09-1993 




WO 

9005831 A 

31-05-1990 




AU 

621350 B 

12-03-1992 




AU 

3189889 A 

1 ^ 1 AA A 

12-06-1990 






24-03-1994 




EP 

0397875 A 

1 f 4 AAA 

22-11-1990 

• 



NO 

174637 B 

28-02-1993 

US 3785193 

A 

15-01-1974 

NONE 



US 2627891 

A 

10-02-1953 

NONE 



US 2214226 

A 

10-09-1940 

NONE 



US 3191677 

A 

29-06-1965 

NONE 




US 3167122 A 26-01-1965 NONE 


fam PCPM«BtO I f f* >iit > K —a g>» IBM) 


